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1
PRESSURE REGULATOR SYSTEM

This 1s a division of application Ser. No. 085,151 filed
Oct. 15, 1979, now U.S. Pat. No. 4,445,532.

BACKGROUND OF THE INVENTION

The subject matter of this application relates to the
-subject matter of concurrently filed application Ser. No.
085,151, filed Oct. 15, 1979, now U.S. Pat. No. 4,445,532
entitled “Solenoid Valve Assembly”. |

This invention relates to pressure regulator systems
for providing a relatively low regulated fluid pressure
output from a relatively high pressure fluid source. In
one embodiment of the invention, the pressure regulator

system 1s adapted for use as a pressure activated starting

system for a gas turbine machine.

Gas turbine machines require for starting purposes a
supply of pressurized fluid for initiating rotation of a
turbo-compressor rotating group. Specifically, the ro-
tating group must be accelerated to a minimum thresh-
old speed for continued self-sustained operation of the
gas turbine machine. In the prior art, one common
source of pressurized starting fluid for gas turbine ma-
chines such as auxiliary power units for aircraft and the
ltke comprises stored or bottled compressed air.

- In some applications, a self-contained starting system
is desirable wherein a relatively small and lightweight
source of starting fluid is carried with the engine and is
recharged by operation of the engine so as to allow the
engine to be started whenever and wherever desired.
See, for example, U.S. Pat. No. 4,068,468. In these self-
contained systems, pressurized fluid is supplied from a
reservolr tank through a pressure reduction regulator to
the compressor of the turbo-compressor rotating group,
or alternately, to a rotating starting motor. Once the gas
turbine machine has reached self-sustaining operation,
the reservoir is conveniently replenished with bleed air
from the compressor so as to recharge the starting sys-
tem for subsequent starting of the engine.
~ A major design difficulty in pneumatic self-contained
starting systems arises in that substantial quantities of
compressed fluid are required for starting the gas tur-
bine machine. Accordingly, the reservoir is required to
contain a substantial quantity of pressurized fluid for
starting purposes. To reduce the size of the reservoir

carried with the machine, the reservoir commonly con-

tamns this fluid at a relatively high pressure, say on the
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order of about 4,000 p.s.i. At these pressure levels, sub-

stantial pressure reduction through the pressure reduc-
tion regulator to say about 400 p.s.i. is necessary prior to
supply of the fiuid to the gas turbine machine for start-
ing. This substantial pressure reduction results in tran-
sonic fluid flow through the pressure reduction regula-
tor which correspondingly results in sonic shock waves
and shock wave feedback whereby the regulator flow is
highly 1rregular and unstable. It is therefore desirable to
provide an improved pressure reduction regulator for
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use in applications such as self-contained pneumatic

starting systems for providing substantial pressure re-
duction while at the same time assurmg accurate and
stable transonic flow therethrough.

A varlety of other types of systems experience similar
flow stability problems stemming from the reduction of
a relatively high pressure fluid source to a relatively
low regulated pressure fluid output. For example, pneu-
matic gun drives are known wherein it is necessary to
reduce a high pressure fluid source of about
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10,000-12,000 p.s.i. to a regulated pressure level of a
few hundred p.s.i. In these other types of systems, simi-

lar fluid flow shock effects and the like are encountered
- resulting in a hlgh]y irregular and unstable fluid output

pressure.
Another area of design difficulty in prior art pressure
regulator systems comprises the operating characteris-
tics of the control valve utilized to initiate supply of the
high pressure fluid to the pressure reduction regulator.

‘This valve typically comprises an electrically actuated

solenoid valve including a valve member subjected to
the relatively high pressure level of the pressurized fluid
source. Accordingly, the solenoid valve must develop
relatively high opening forces to overcome the pressure
forces of the fluid source, and thereby initiate actuation
of the system. However, it is well known that solenoid
valves 1nherently develop increased force capacity
throughout stroke of the associated valve member,
whereas in this environment a maximum opening force
1s required in the initial stage of the valve member
stroke. Therefore, in the prior art, a relatively expensive
and oversized solenoid valve has been used so as to
assure adequate opening forces upon initial stroke
movement of the valve member. In the prior art some
systems have attempted to overcome the solenoid size
design problems by using a so-called impact solenoid

valve wherein an armature is designed for limited lost

motion movement prior to impacting a valve member.
In this manner, the solenoid valve operates only
through the latter, higher force portions of the stroke.
See, for example, U.S. Pat. Nos. 2,612,188; 2,735,644;
3,043,336; 3,450,353; 3,473,380 and 3,974,998. However,
these impact solenoid designs have not maximized the
capacity of a relatively small and inexpensive solenoid
valve to open a valve member to initiate actuation of the
pressure regulator system. |

The present invention overcomes the problems and
disadvantages of the prior art by providing an improved
pressure regulator system including a pressure reduc-
tion regulator for providing accurate flow and pressure
under transonic flow conditions, and an improved sole-
noid valve assembly for maximizing the Openlng force
capacity of a solenoid valve member.

SUMMARY OF THE INVENTION

In accordance with the invention, a pressure regula-
tor system comprises a pressure reduction regulator
coupled between a fluid supply reservoir containing a -
fluid pressurized to a relatively high pressure level, and
a fluid-driven device such as a gas turbine machine
starter requiring a motive fluid supply at a relatively
low regulated pressure. The pressure reduction regula-
tor includes a bulbular poppet valve adapted to seat
upon a matingly configured multiple piece valve seat
disposed between a high pressure inlet, and a low or
regulated pressure outlet or exducer section. The pop-
pet valve 1s positioned on the high pressure side of the
valve seat, and has a generally conical cross section
expanding in an upstream direction for self-centering
and self-seating alignment upon the valve seat in re-
sponse to pressure. Importantly, the poppet valve cross
section has an included angle of on the order of about
40° extending from the high pressure side through the
valve seat and partially into the exducer section to
smoothly guide transonic high pressure flow through
the valve seat. When closed, the poppet valve seats
upon an annular ring formed from a plastic material or
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the like which wedges or bottoms against a rigid metal

valve seat base. |
The poppet valve 1s opened by introduction of the

high pressure fluid into communication with one por-

tion of a balancing system for balancing forces on oppo-
site ends of the poppet valve. Moreover, a static pres-

sure reference regulator couples a controlled and selec-
tively reduced static pressure to another portion of the
balancing system to create imbalanced forces to lift the
poppet valve from the valve seat. When opened, the
poppet valve modulates 1n response to the pressure of
the high pressure fluid, and in response to the reference
static pressure to provide a reduced regulated fluid
pressure in the exducer section comprising a known
function of the reference static pressure.

An improved solenoid valve assembly is provided for
selectively coupling the high pressure fluid to the pres-
sure reduction regulator when operation of the system
is desired. This solenoid valve assembly includes an
electrically controlled armature assembly for impacting
a valve member to shift the valve member to an open

postition allowing high pressure flow through the pres-

sure reduction regulator. More specifically, the arma-
ture assembly comprises an armature operably associ-
ated with a lost motion unit including a valve actuator
and an energy storage spring. Movement of the arma-
ture through the initial stages of armature stroke moves
the valve actuator to compress the spring for storing
energy in the spring. Movement of the armature
through latter stages of the stroke causes the valve
actuator to impact the valve member, and this impact
energy together with energy stored by the spring is
sufficient to lift the valve member from its associated
valve seat.

BRIEF DESCRIPTION OF THE DRAWINGS -

The accompanying drawings illustrate the invention.
In such drawings: |

FI1G. 1 1s a schematic diagram illustrating a pneu-
matic starting system for a gas turbine machine, and
including a pressure regulator system of this invention;

FI1G. 2 1s a vertical section of a pressure reduction
regulator for use in the regulator system:

FIG. 3 1s an enlarged fragmented view of the reduc-
tton regulator of FIG. 2, showing the regulator in a
position closed to fluid flow; |

FIG. 4 1s an enlarged fragmented view similar to
FI1G. 3, showing the reduction regulator in a position
open to fluid flow: |

FI1G. 5 is an enlarged fragmented view similar to
FIGS. 3 and 4, partially exploded, illustrating the inter-
fitting components of the reduction regulator valve
seat; and

FI1G. 6 is a vertical section, partially fragmented, of
an improved solenoid valve assembly for use in the
system. -

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A pneumatic self-contained starting system 10 for a
gas turbine engine is shown in FIG. 1, and generally
comprises a rotatable starter motor 12 for rotatably
driving a shaft 14 coupled to the compressor 16 of a gas
turbine machine 18. Rotation of the compressor 16 de-
velops compressed fluid discharged by the compressor
which ultimately assists the gas turbine machine 18 in
reaching continued self-sustained operation. Of course,
when self-sustained operation is reached, the starter
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motor 12 may be suitably disconnected from the shaft
14 as by an overriding clutch (not shown) or the like for
disconnecting the starting system 10 from the gas tur-
bine machine 18.

The starter motor 12 1s fluid-driven by a pressurized
source of fluid provided from a portable supply tank or

reservoir 20. The fluid in the supply reservoir 20 is
typically at a relatively high pressure level, say on the
order of about 4,000 p.s.1., and is initially supplied as by
a conduit 22 to a pressure reduction regulator 24. The
reduction regular 24 suitably reduces the pressure level
of the fluid to a stable pressure on the order of about 400
p.s.1. for supply to the starter motor 12 as by a conduit
26. Conveniently, a meter 27 may be provided along the
conduit 22 for monitoring the pressure level of fluid in
the reservoir 20, and a return conduit 17 connects be-
tween the compressor 16 and the reservoir 20 to replen-
ish the reservoir with bleed air after the machine 18 is
started.

The pressure reduction regulator 24 is actuated for
supply of fluid to the starter motor 12 as by a solenoid
valve assembly 28. This valve assembly 28 is also cou-
pled to the fluid supply reservoir 20 as by a high pres-
sure conduit 30, and operates to control coupling of the
high pressure fluid to an upper chamber (not shown in
FIG. 1) of the pressure reduction regulator 24 as by
conduits 32 and 33. More specifically, during operation
of the starting system, the solenoid valve assembly 28
couples the high pressure supply fluid to the upper
chamber, and when the starting system is disabled the
solenoid valve assembly couples this upper chamber to
atmosphere via a vent 36. Moreover, during operation
of the system, the solenoid valve assembly 28 couples
high pressure fluid to a static reference pressure regula-
tor 38 as by a conduit 40, and this device serves to
provide a static regulated reference pressure to the
pressure reduction regulator 24 by a conduit 42 for
closely controlling operation of the reduction regulator
24. Importantly, this reference pressure regulator 38
typically comprises a relatively conventional spring-
diaphragm system, and thereby is not shown or de-
scribed in detail herein.

While the components of the pressure regulator sys-
tem of this invention, including the pressure reduction
regulator 24, solenoid valve assembly 28, and static
reference pressure regulator 38, are illustrated herein in
conjunction with a pressure activated starting system
for a gas turbine machine, it should be understood that
the pressure regulator system is applicable to a variety
of pressure systems. That is, the pressure regulator sys-
temn of this invention is readily adapted for use when-
ever a relatively low regulated fluid pressure is required
from a relatively high pressure fluid source. Exemplary
systems wherein the pressure regulator system of this
invention is applicable include pneumatic gun drives,

- and the like.
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The pressure reduction regulator 24 is shown in more
detail in FIGS. 2-5. As shown, the reduction regulator
24 comprises a multi-section valve body 44 which is
suttably coupled together as by a series of bolts 46. This
valve body 44 includes an inlet end 47 for coupling to
the high pressure fluid supply conduit 22, and an outlet
or exducer section 48 communicating with the low
pressure outlet conduit 26 connected to the starter
motor 12. Between the inlet end 47 and the exducer
section 48, a multiple piece valve seat 50 is arranged for
seating a bulbular or generally tulip-shaped poppet
valve head 52. More specifically, an annular ring 54
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formed from a suitable deformable plastic material hav-
- ing high quality resilient memory, such as a polyimide,

comprises a primary valve seat having a generally

wedge-shaped seat face 56. This primary seat ring 54 is
wedged as will be described in more detail upon a valve
seat base 58 formed from a suitable metal such as stain-
less steel or the like. Importantly, the valve seat base 58
iIncludes an annular exducer shroud 60 which extends
into and radially expands slightly into an exducer col-
lection chamber 163 downstream of the valve seat base
58. With this configuration, the bulbular valve head 52
combines with the multiple piece valve seat 50 to define
a converging-diverging nozzle flow path past the valve
seat S0 when the valve head 52 is in an open position.
The poppet valve head 52 has a cross section which
- extends and expands from a valve stem 62 within the
exducer section 48 through the valve seat 50 into the
high pressure region within the inlet end 47. Accord-
ingly, the poppet valve head 52 is arranged for seating
upon the valve seat face 56 of the plastic ring 54 in a
self-aligning and self-centering manner. Moreover, the
high pressure fluid within the inlet end 47 of the reduc-
tion regulator 24 urges the valve head 52 toward a
normal position seated upon the valve seat 50 to close
- the reduction regulator 24 to fluid flow. -
The conﬁguratlon of the multiple piece valve seat 50
1s shown in detail in FIGS. 3-5. As shown, one section
of the valve body 44 includes an inwardly radiating
flange 51 forming a support surface for the valve seat
base 38. If desired, a seal ring 53 is interposed between
the flange 51 and the seat base 58 to prevent fluid leak-
age therebetween. The valve seat base 58 is configured
- to have a horizontal bearing surface 55 formed in paral-
lel with a mating surface 57 on the plastic ring 54, and
a tapered conical face 39 which is slightly out of angular
alignment with a corresponding tapered conical face 61
on the plastic ring 54 (FIG. 5). For example, the conical
face 59 on the seat base 58 is formed at an angle of about
31° from the horizontal, whereas the conical face 61 on

6

respect to the valve body 44, as indicated by arrow 69
so as to allow a slight radial floating for self-centering

- with the valve head 52.
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the plastic ring 54 is formed at an angle of about 29° 40

from the horizontal. Moreover, the conical face 59 of
~ the seat base 58 terminates in an angular bearing surface
63 for matingly engaging the conical cross section of the
- valve head 52, whereas the conical face 61 of the plastic
ring 54 cooperates with the wedge-shaped valve seat
face 36 to form a point 65. This point 65 slightly overlies
the seat base bearing surface 63 so that the valve head

45

52 contacts first the point 65 of the plastic ring 54 upon

movement to a closed position.

The seat base 58 and the plastic ring 54 of the valve
seat S0 are wedged into position as illustrated in FIG. 5
by means of shims 67 to bring their respective horizon-
tal bearing surfaces §5 and 57 into bearing engagement.
The shims 67 also force the plastic ring 54 to deform
slightly to bring the conical faces 59 and 61 into bearing
engagement. This slight deformation places the plastic
ring 54 under pressure so that the valve head 52, when
moved to the closed position as shown in FIG. 3, en-
gages the pomt 65 of the plastic ring 54 to force the
poimnt 65 1nto a bottomed-out position overlying the
angular bearing surface 63 of the seat base 58. When the
valve head 52 returns to an open position, the point 65
returns to 1its original position, as illustrated in FIG. 4.
With this arrangement, the multiple piece valve seat 50
cooperates with the valve head 52 to provide a high
quality, leak-free seal when the valve head is in the
closed position. Conveniently, the plastic ring 54 and
the seat base 58 are formed with radial clearance with
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The cross sectional profile of the poppet Valve‘ head
52 1s carefully tailored to provide smooth transonic
fluid flow from the high pressure inlet end 47 of the
regulator 24 to the exducer section 48. That is, as shown
in FIG. 2, the expanding cross section of the bulbular-
shaped valve head 52 is formed generally to have an
included angle “A” on the order of about 40°., This
included angle “A” configuration extends through the
valve seat 50 to define the digerging portion of the
nozzle path having a flow angle between the valve head
52 and the shroud 60 of about 350. This configuration
has been found to provide smooth transonic fluid flow -
through the valve seat 50 by removing transversely
acting sonic shock waves and feedback effects from the
vicinity of the valve seat 50 whenever the valve head 52
1s moved to the open, dotted line position illustrated in
FIG. 2. This provision of smooth, transonic fluid flow
results in a stable and controlled pressure output sup-
plied to the starter motor 12 via the conduit 26. Of
course, the specific included angle is tailored to match
the particular pressure differential encountered across
the valve seat 50 for a given application of the reduction
regulator, and may vary considerably from 40°. How-
ever, in many typical systems encountering an approxi-
mate 10:1 pressure reduction ratio and a pressure differ-
ential of say about 3,000-10,000 p.s.i., and a mass flow
rate of about 100 pounds per minute, an included angle
of about 40° has been found to produce the desired
smooth, stable transonic flow. Moreover, it has been
found that the optimum included angle generally de-
creases with increases in transonic mass flow.

The valve head 52 is moved to the open, dotted line
position of FIG. 2 by means of a balancing system in-
cluding a balancing piston 68 received within a cylinder
70 in the upper end of the valve body 44. As shown, the
balancing piston 68 is elongated within the cylinder 79,
and includes an upper seal ring 72 and a lower seal ring
74. The central portion of the balancing piston 68 ex-
pands radially and downwardly in conformance with
the contour of the cylinder 70 so as to define an upper
pressure chamber 76, an intermediate pressure chamber
78, and a lower pressure chamber 80. Controlled pres-
sures, as will be hereafter described, are applied to these
pressure chambers 76, 78, and 80 to move the balancing
piston 68 downwardly into bearing engagement with
the upper end of the valve stem 62, and thereby control
the position of the valve head 52 with respect to the
valve seat 50. Conveniently, the lower pressure cham-
ber 80 1s partially closed at its lower end by a plate 82
including a central boss 84 comprising a valve guide for
the valve stem 62. A compression spring 86 reacts be-
tween the plate 82 and an enlargement 88 at the upper
end of the valve stem 62 to bias the entire assembly to a
position closing or seating the valve head 52 on the
valve seat S0 to block fluid flow through the reduction
regulator 24.

As illustrated in FIGS. 1 and 2, the solenold valve
assembly 28 operates to couple high pressure supply
fluid from the fluid reservoir 20 to the pressure reduc-
tion regulator 24 via the conduits 32 and 34. The con-
duit 34, when supplied with high pressure fluid, couples
the mgh pressure fluid to the upper pressure chamber 76
in communication with the balancing piston 68. Impor-
tantly, the surface area of the balancing piston 68 ex-
posed to this upper chamber 76 generally corresponds
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with the surface area of the poppet valve head 52 ex-
posed to high pressure fluid within the inlet end 47,
whereby the opposite ends of the poppet valve head 52

within the reduction regulator 24 are substantially pres-

sure-balanced. However, the solenoid valve assembly

28 also functions to supply the high pressure fluid to the
static reference pressure regulator 38 which in turn

supplies the static reference pressure to the reduction

regulator 24 via the conduit 42. This conduit communi-

cates the reference pressure to the intermediate pressure 10

chamber 78 so as to create a force imbalance upon the
balancing piston 68. This force imbalance urges the
balancing piston 68 to move downwardly within the
cylinder 70 and thereby also to urge the poppet valve 52
to move off the valve seat 50. Opening of the valve head
52 allows the pressure level in the collection chamber
163 of the exducer section 48 to increase. The increasing
pressure level mn this collection chamber 163 is commu-
nicated with the lower pressure chamber 80 of the cyli-
inder 70 via a port 90 formed in the plate 82 so as to
allow the pressure level in the lower pressure chamber
80 also to increase. Importantly, the combined effect of
the increasing pressure in the lower pressure chamber
80 together with spring forces applied by the spring 86
urges the balancing piston 68 back toward the upper full
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line position shown in FIG. 2 to attempt to close the

poppet valve head 52. In this manner, the position of the
poppet valve head 52 is modulated with respect to the
valve seat 50 to balance the total forces upon the balanc-
Ing piston 68 and thereby provide a predetermined and
stable output pressure to the starter motor 12. In prac-
tice, the level of this output pressure generally corre-
sponds 1n magnitude to the pressure level of the static
reference pressure applied to the balancing piston 68
less spring forces applied to the piston 68.

The solenoid valve assembly 28 of this invention is
shown in more detail in FIG. 6. As shown, the valve
assembly 28 includes a solenoid winding 92 and a mov-
able armature 94 which is magnetically shifted by means
of control of electrical current in the winding 92, in a
well known manner. The armature 94 operates a vent
valve 96 carried in an upper portion of a valve body 98
for closing the vent conduit 36, and at the same time
operates a high pressure valve 100 for opening commu-
nication between the high pressure inlet conduit 30 and
the outlet conduit 32.

More specifically, the vent valve 96 includes a hollow
base 102 into which the armature 94 is received in bear-
ing engagement with the valve 96. When the armature
is shifted downwardly as viewed in FIG. 6, a valve
member 104 of generally conical cross section formed
integrally with the hollow base 102 is moved into seal-
ing engagement with an associated valve seat 106.
Contact with the valve seat 106 closes off communica-
tion between a central cavity 107 in the valve body 98
and a collection chamber 108 communicating with the
vent conduit 36. Since the central cavity 107 communi-
cates with the outlet conduit 36, closure of the vent
valve member 104 removes a vent connection venting
the upper chamber 76 of the reduction regulator 24 (see
FIG. 2). Conveniently, as shown in FIG. 6, the vent
valve seat 106 comprises a multiple piece valve seat

including a resilient plastic ring 110 based upon a metal

seat base 112, similar to the valve seat 50 of FIG. 2.
The vent valve 96 also includes a push rod 114 which
extends downwardly into the central cavity 107 to bear-
ingly engage a lost motion unit 116. That is, the push
rod 114 engages a plate 118 from which a valve actuator
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120 depends downwardly. The valve actuator 120 com-

prises a push rod type member which is maintained in

vertically spaced relation above an impact plate 121 by
a compression spring 122. Importantly, the spacing
between the valve actuator 120 and the tmpact plate 121

1s carefully chosen to be slightly less than the stroke
length of the solenoid armature 94. That is, in a pre-

ferred embodiment by way of example, the spacing
between the valve actuator 120 and the impact plate 121
1s chosen to be about 0.040 inch with a solenoid arma-
ture stroke travel of about 0.045 inch. With this arrange-
ment, during the initial and major portion of the sole-
noid armature stroke, lost motion occurs between the
valve actuator 120 and the impact plate 121 resulting in
compression of the spring 122 to store kinetic and po-
tential energy in the spring.

When the valve actuator 120 strikes the impact plate
121, the high pressure valve 100 is moved off its associ-
ated valve seat 124 to open high pressure fluid flow to
the outlet conduit 32. That is, the high pressure valve
100 includes a valve stem 126 secured to the impact
plate 121 and formed integrally with a high pressure
valve head 128 of generally conical cross section. Im-
pact of the valve actuator 120 with the impact plate 121
thus shifts the valve head 128 off its seat 124 to open the
valve 100 to fluid flow. Conveniently, this valve seat
124 also comprises a multiple piece valve seat having a
deformable plastic ring 130 supported upon a rigid
metal seat base 132, in the same manner as the valve seat
50 of FIG. 2. |

The solenoid valve assembly 28 of this invention
maximizes the capacity of the solenoid core 92 and
armature 94 to open the high pressure valve 100. That
1S, during the initial, relatively low-force portion of the
initial armature travel, kinetic and potential energy is
stored 1n the spring 122 of the lost motion unit 116.
During the latter, maximum power portion of the arma-
ture travel, the valve actuator 120 impacts the impact
plate 121 to directly shift the high pressure valve head
128 from its seat 124. Importantly, the impact forces
comprise a summation of direct solenoid energy to-
gether with energy stored by the spring 122. Once the
valve head 128 initially lifts from its seat 124, the high
pressure differential across the seat is removed and
further opening movement is readily accomplished by

‘means of remaining stored energy in the spring 122.

Thus, in operation, downward movement of the arma-
ture 94 substantially simultaneously closes the vent

~valve 96 and begins movement of the high pressure

valve 100. The armature 94 moves the vent valve 96 to
close off the vent connection to the outlet conduit 32,
and at the same time opens the high pressure valve 100
to couple high pressure fluid to the outlet conduit 32. In
this manner, high pessure fluid is supplied to the pres-
sure reduction regulator 24 (FIG. 1) and to the static
reference pressure regulator 38 to initiate operation of
the pressure regulator system 10. Of course, when the
solenoid valve assembly is de-energized, the armature
94 retracts to allow high pressure in the conduit 30 to
close the high pressure valve 100 and open the vent
valve 96. If desired, a compression spring 140 may be
provided In engagement with the high pressure valve
head 128 to assist return thereof to a closed position.
A wide variety of modifications and improvements of
the pressure regulator system of this invention are be-
lieved to be possible within the scope of the art. For
example, if necessary, the static reference pressure regu-
lator 38 may be designed to include a valve poppet and
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multiple piece valve seat construction generally consis-
tent with that of the pressure reduction regulator 24
described 1n detail herein. Accordingly, no limitation of
the invention is intended by way of the description
herein except as set forth in the appended claims.

What 1s claimed is: -

1. A valve for controlling fluid flow between a fluid
inlet and a fluid outlet, comprising a valve seat includ-
Ing a rigid valve seat base and a resilient elastomeric
ring overlying said base, said base and ring each being
formed to have annular mutually parallel bearing sur-
faces and to have annular tapered conical faces extend-
ing radially inwardly from said parallel bearing surfaces
slightly out of angular alignment with each other, said
tapered conical face of said seat terminating in an angu-
larly oriented bearing surface, and said tapered conical
face of said ring terminating in a radially inwardly pro-
jecting point overlying said angularly oriented bearing
surface; means for deforming said ring to bring said
parallel bearing surfaces and the conical face of said
~ base and ring into bearing engagement with each other;
and a valve head having a generally conical cross sec-
tion generally corresponding with said angularly ori-
ented bearing surface, and arranged for seating upon
said point of said ring whereby said point is folded over
onto said angularly oriented bearing surface, between
said valve head and said angularly oriented surface
when said valve head is seated.

2. The invention as set forth in claim 1 wherein said
ring is disposed on the side of said base adjacent the
fluid inlet.

3. The invention as set forth in claim 2 wherein the
comnical cross section of said valve head expands from
the fluid outlet through the valve seat into the fluid
inlet.
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4. The invention as set forth in claim 1 wherein said
valve seat and valve head se]f-align with each other.

S. The invention as set forth in claim 1 wherein sald
ring is formed from a po]ylmlde | |

6. The invention as set forth in claim 1 wherein said
valve head is formed to have a cross sectional included
angle of on the order of about 40°.

7. A method of controlling fluid flow between a fluid
inlet and a fluid outlet, comprising the steps of position-
ing along a fluid path a valve seat including a rigid valve
seat base and a resilient elastomeric ring overlying the
base; providing the base and ring with annular mutually
parallel bearing surfaces and with tapered conical faces
extending from the bearing surfaces radially inwardly
and slightly out of angular alignment with each other:
providing the termination of the tapered conical face of
the seat with an angularly oriented bearing surface, and
prowdlng the termination of the tapered conical face of -
the ring with a radially inwardly projecting point over-
lying the angularly oriented bearing surface; deforming
the ring to bring the parallel bearing surf_aces and the
tapered conical faces to the ring and base into mating
engagement; providing a valve head having a conical -
cross section generally corresponding with the configu-
ration of the angularly oriented bearing surface on the
base; and arranging the valve head for seating upon the
point of the ring whereby the ring is folded over onto
the angularly oriented bearing surface, between said
valve head and said angularly oriented surface, when
the valve head is seated.

8. The method of claim 7 including arranging the
vaive head for seating upon the ring at the side of the
base adjacent the fluid inlet.

9. The method of claim 7 including mountlng the
valve seat with limited radial freedom of movement for

self-alignment with the valve head.
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